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u(t) = Bu(t), t ∈ [0,∞),
u(0) = u0 ∈ X,
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u(t) = Bu(t), t ∈ [0,∞),
u(0) = u0.
 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
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u(·, u0) : [0,∞)→ X
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u(t) = T (t)u0, t ≥ 0.
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D(A) := {u ∈ D(Am) : Lu = Φu}.
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D(A0) := {u ∈ D(Am) : Lu = 0},
A0u := Amu.
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, D(B) := D(Am)× ∂X.
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γ ∈ σ(A) ⇔ 1 ∈ σ(ΦDγ),
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γ −A = γ −A0 − B = (I − BR(γ,A0))(γ −A0).
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I − BR(γ,A0) =
(
IdX 0
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f ∈ ker(γ − Am)
 
0 = −ΦR(γ, A0)(γ − Am)f + (Id∂X − ΦDγ)Lf = (Id∂X − ΦDγ)Lf.
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γ ∈ ρ(A0) ∩ ρ(A)
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(γ −A)−1 = (γ −A0)
−1(I − BR(γ,A0))
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= R(γ,A)|X0 = R(γ,A|X0),
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V = {v1, . . . , vn}





E = {e1, . . . ,
em}
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u(0) = u0,
ffi  ! 
(AN , D(AN))









  	 !








































    (AN , D(AN))
      

 












D(AN) = {u ∈ D(A
N
m) : u ∈ ker(LN − ΦN)}
 






 !  
‖ · ‖W
	 














































   	 
"ffi 
   

 
 ! 	 !! 
 




























     
    LN
 










g = (gj)1≤j≤m := (I˜
−
w)






u = (uj)1≤j≤m ∈ XN

uj : [0, lj]→ Y, x 7→ gj

   ffi
 ffi




































D(AN0 ) := {u ∈ D(A
N
m) : LNu = 0},






     











K ⊆ D(AN0 )

 	 
     
	
 	 !! 
u ∈ D(AN0 )












































   
	  ff   
    ! 
  	 
 

	    
 
 
 	  ! ffi  
 ffi  ! 

 
	   ffi  
	 
 
   ffi  		 

 
! 	  	#ff 	     






 ff  
  ffi   





(TN0 (t)u)j(x, v) := χj(x, v, t)uj(x− vt, v),










j = 1, . . . , m
  
 












v uj(r, v) dr,
j = 1, . . . , m
  
 !



















	!    
 
 !	

































  "	  !  !!





   ffi 	
γ ∈ C

















   ! 
γ ∈ L(Y









f = (fj)1≤j≤m ∈ Y
m, x ∈ [0, lj], v ∈ [vmin, vmax]

    !  









    
γ ∈ C
 !















   














     









































    

ff   	 






w = (wj)1≤j≤m ∈W
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k(·, w)f(w) dw, f ∈ Y.
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h ∈ L∞[vmin, vmax] ⊆ Y˜
	 
0 ≤ |J˜γh| ≤ |J˜γ||h| = J˜ |h| ≤ J˜(‖h‖∞1) = ‖h‖∞J˜1 = ‖h‖∞1.
 ffi 	
J˜γ(L
∞[vmin, vmax]) ⊆ L
∞[vmin, vmax]

"	  	ffi   
L∞[vmin, vmax] ∼= C(K)
	 ffi  
	 ! !
K
   ffi 	     		  !

 ffi 	 

	 fl!    


  ffi 	 		  
  	
J˜γ|L∞[vmin, vmax]









l = αf(v)k(v, w)f(w)
ffi 	  		














    ffi	 		 ffi 	  		














        






     !! 	 ffi
AN
   		
! ffi

       !
XN









  	    $    ffi 	
AN






























   
 f ∈ Y m+
  





f ∈ Y m+
    ffi		 
 !
    
 




































































































     AN
   	





































T I+J Γlu = BJΓlu.

























T I+J Γlu = I
+


















   




























































    (AN , D(AN))
     

 










∼= L∞([0, l1], Y
′)× · · · × L∞([0, lm], Y
′)
∼= L∞([0, l1]× [vmin, vmax])× · · · × L
∞([0, lm]× [vmin, vmax])

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P ({Yn ≤ t}) = 1− e
−µt.
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0 ≤ r < k, n ∈ N ∪ {0}













    ffi   
 
















     









pn,1(x, t) dx = 1
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pi,1(x, t) dx+ λpk−1,0(t),
pn,1(0, t) = µ
∫ ∞
0
pn+B,1(x, t) dx, n ≥ 1,
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pr,0 = cr ∈ C, 0 ≤ r ≤ k − 1,






















pr,0(0) = 0, 1 ≤ r ≤ k − 1,
pn,1(x, 0) = 0, n ≥ 1,
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p = (p0,0, . . . , pk−1,0, p0,1(·), p1,1(·), . . .)
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D 0 · · · · · · · · ·
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0 · · · 0 λ
k︷ ︸︸ ︷
0 · · · 0
B−k+1︷ ︸︸ ︷
µψ · · ·µψ 0 0 0 · · ·
0 · · · 0 0 0 · · · 0 0 · · · 0 µψ 0 0 · · ·
0 · · · 0 0 0 · · · 0 0 · · · 0 0 µψ 0 · · ·























































D(AQ) := {p ∈ D(A
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p(t) = AQp(t), t ∈ [0,∞),




















p0 := (c0, . . . , ck−1, f1, f2, . . .)
T ∈ D(AQ)
















pr,0(t) = (TQ(t)p0)r+1, 0 ≤ r ≤ k − 1,
pn,1(x, t) = (TQ(t)p0)n+k(x), n ≥ 0.
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D(AQ0 ) := {p ∈ D(A
Q
m) : LQp = 0},
AQ0 p := A
Q
mp.
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     S := {γ ∈ C : <γ > −µ} \ {−λ}
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S ⊆ ρ(AQ0 ).
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R(γ,D) 0 · · · · · ·
λR(γ,D)2 R(γ,D) 0 · · ·








































































<γ + λ+ µ
‖p‖L1[0,∞)
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iR ⊆ ρ(AQ0 ).
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Γ := γ + λ+ µ
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0 6= C ∈ C
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γ ∈ ρ(AQ0 )
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d1,1 0 · · · · · · · · · · · ·













· · · · · ·
dk,1 · · · · · · dk,k 0 · · ·
0 0 · · · · · · · · · · · ·
1 0 0 · · · · · · · · ·
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  k + 1 ≤ r ≤ B + 1.
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p = (p0,0, . . . , pk−1,0, p0,1(·), p1,1(·), . . .)
T ∈ Rk × l1(L1[0,∞))

χ(·) =
(χ0,0, . . . , χk−1,0, χ0,1(·), χ1,1(·), . . .)
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R 3 γ > 0
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k · · · p+ pq p 0 0 · · ·
pqB+1 pqB pqB−1 · · · pq2 pq p 0 · · ·


































0 c = c
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0 6= c ∈ l1
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f ′(x) = (B + 1)(1− q) ln qe(B+1)x ln q − ln qex ln q, x ∈ R.
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(B + 1)(1− q) > 1
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f ′(0) = (B + 1)(1− q) ln q − ln q < 0.




f ′(x) < 0
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= q2a(1− qB) + q3a(1− qB−1) + · · ·+ qBa(1− q2) + q(B+1)a(1− q)
= q2a(1 + qa + q2a + · · ·+ q(B−1)a)






















c := (cn)n∈ ∈ l
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 c

























 	   	  ff     
























   	   (AQ, D(AQ))

 




      





γ = ia, a ∈ R
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|a| > λkµ+ 2µ+ 2λ+ 1
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
|Γ| ≥ |a| − (λ+ µ) > λ+ µ,
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|Λ| ≥ |a| − λ > λkµ+ 2µ+ λ+ 1 > 1,
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γ )i,j| < 1
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1 < j < k
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γ ‖ < 1
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α+ ikβ ∈ σb(AQ)
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q1 := 1 − η1
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q2 := 1 − η2
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µ∞ := limx→∞ µ(x) > 0
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pn(x, t) dx = 1.
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− (λη1 + µ(x))pn(x, t) + λη1pn−1(x, t),
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2 ≤ n ≤ N + 1,
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p0 = c ∈ C,
pn(x, 0) = fn(x)
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pn(x, 0) = 0
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1 ≤ n ≤ N + 2.
 	!ff
 	   !  





	 " !   !   





 !  	
 	 









 	   
   
µ





	 ffi  





  	  











   !  	!
 
	





 ! 	 	   
!   
fi   
 	      
  ffi	  		 




  ! 
(AR, D(AR))
   !

















   !!!
 ! 
(AR, D(AR))













−λη1 η2ψ 0 0 · · · 0 0
0 C 0 0 · · · 0 0
0 λη1 C 0 · · · 0 0






















0 0 0 0 · · · C 0
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λη1 q2ψ η2ψ 0 0 · · · 0 0
0 0 q2ψ η2ψ 0 · · · 0 0
0 0 0 q2ψ η2ψ · · · 0 0






















0 0 0 0 0 · · · q2ψ η2ψ














D(AR) := {p ∈ D(A
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p(t) = ARp(t), t ∈ [0,∞),




















q := (c0, f1, f2, . . . , fN+2)
T ∈ D(AQ)
















pn,1(x, t) = (TR(t)q)n+1(x), 1 ≤ n ≤ N + 2.
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D(AR0 ) := {p ∈ D(A
R
m) : LRp = 0},
AR0 p := A
R
mp.
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ρ(AR0 ) ⊇ {γ ∈ C : <γ > −µ∞} \ {λη1}.
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R(γ, AR0 ) =


r1,1 r1,2 0 0 · · · 0 0
0 r2,2 0 0 · · · 0 0
0 r3,2 r3,3 0 · · · 0 0






















0 rN+2,2 rN+2,3 rN+2,4 · · · rN+2,N+2 0















j−kRj−k+1(γ, C)   2 ≤ k ≤ j ≤ N + 2,
rN+3,k := (λη1)
N+3−kR(γ, C˜)RN+3−k(γ, C)   2 ≤ k ≤ N + 3.
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h(x) dx = bN+2,N+2.
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I˜+ = ( 0 11 0 )
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u1  0, u1(x, v) = 0

ffi
0 ≤ x ≤ l

vmin ≤ v ≤ v
′  u2 ≡ 0
   	
(R(γ, AN0 )u)2 = 0

(f1, f2) := ΦNR(γ, A
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f ≥ g ⇒ f + h ≥ g + h
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|f | := sup{f,−f}.
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f = f+ − f−
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|f | = f+ + f−
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(α + iβ)(f, g) = (αf − βg, βf + αg)
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(f, g) ∈ E


|(f, g)| := sup
0≤φ<2pi
|(cosφ)f + (sin φ)g|.
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|f |(x) = |f(x)|, x ∈ Ω.
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〈z, χ〉 = ‖z+‖
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<〈Bz, χ〉 ≤ 0
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f ∈ F, |g| ≤ |f | ⇒ g ∈ F.
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JH := {x = (xi)1≤i≤n ∈ C








{1, . . . , n}
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